単一サンプル系に関するレプリカ法とレプリカ対称性の破れについて(情報物理学の数学的構造) by 樺島, 祥介
Title単一サンプル系に関するレプリカ法とレプリカ対称性の破れについて(情報物理学の数学的構造)
Author(s)樺島, 祥介




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University




Dept. of Compt. Intell. &Syst. Sci.
Tokyo Institute of Technology
1
. 1930














, . , \beta T
$j-_{1}\text{ },=\Sigma e^{-\beta H(s_{|J)}}\#\mathrm{h}\psi \text{ _{}\vee}\prime\prime\star \text{ }\prime|\neq^{4}\cdot\mathrm{h}\beta g_{fx\text{ }\mathrm{P}\prime’}^{Z(J)J}a$
)
$\theta^{-\backslash }\text{ }J\mathrm{s}l\mathrm{H}J\mathrm{f}\overline{\mathrm{f}\mathrm{i}}^{\backslash }\text{ ^{}\backslash }\backslash J\text{ }$
$Narrow\infty$ $J$
. $f(J)=- \lim_{Narrow\infty}1/(N\beta)\ln Z(\beta)$
$J$
$\overline{f(\beta)}=-\lim_{Narrow\infty}\frac{1}{N\beta}\overline{\ln Z(\beta)}=-\lim_{Narrow\infty}\frac{1}{N\beta}\int.\prod_{1>j}dJ_{*j}.P(J_{i\mathrm{j}})\ln Z(J)$ (3)
. –.. . = $\int$ \Pi :>jdJ*$\cdot$jP(Jij) $($ . . . $)$ J
, (2) ( $\cdots\rangle=\sum_{S}P(S|J)(\cdots)$
.
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. , $n=1,2,\mathit{3},$ $\ldots$ ,
n ( ) Sl, $S^{\mathit{2}},$ $\ldots,$ $S^{n}$
$\overline{Z^{n}(\beta)}=$
$\sum_{S^{1},S^{2},.,S^{n}}..\exp[-\beta\sum_{--1}^{n}H(S^{a}|J)]$
$\sum_{S^{1},S^{2},.,S^{n}}..\exp[-\beta H_{\mathrm{e}\mathrm{f}\mathrm{f}}(S^{1}, S^{\mathit{2}}, \ldots, S^{n};\beta)]$
(5)
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(Replica Symmetry Breaking: RSB)
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$P(S| \theta)=\frac{1}{Z(\theta)}P_{0}(S)\exp[\theta\cdot O(S)]$ (6)
. , $\theta$
. , $Z(\theta)=\Sigma_{S}P_{0}(S)\exp[\theta\cdot O(S)]$
.
. , \beta ,
. ,






, \Phi (\theta ) \mbox{\boldmath $\phi$}(m)
. , $\langle$O(S) $\rangle$ 1
$\langle O(S)\rangle=-\frac{\partial\Psi(\theta)}{\partial\theta}|_{\thetaarrow 0}=\mathrm{a}\mathrm{r}\mathrm{g}\mathrm{m}\mathrm{a}\mathrm{x}\{\Phi(m)\}m$ (9)
, , {St}rl \theta
$\langle\partial_{\theta_{i}}\ln P(S|\theta)\partial_{\theta_{j}}\ln P(S|\theta)\rangle$ 2
$\langle\partial_{\theta_{t}}\ln P(S|\theta)\partial_{\theta_{j}}\ln P(S|\theta)\rangle=-\partial_{\theta}‘\partial_{\theta_{j}}\Psi(\theta)=(\partial_{m_{i}}\partial_{m_{j}}\Phi(n[]))^{-1}$ (10)
, .
\Phi (\theta ) \Phi (m) ,
. ,











































$=$ $- \theta:s_{:}+\frac{\partial}{\partial S_{1}}\mathrm{h}P_{0}(S)+\sqrt{\theta_{1}}z_{i}+\eta_{1}^{S}$. $(t)$ (12)
3 ($*\mathrm{u}*\infty \mathrm{p}\mathrm{t}\mathrm{i}\mathrm{b}\mathrm{i}\mathrm{l}\mathrm{i}\mathrm{t}\mathrm{y}$ matrix) .
4 $s_{:}$ . .
139
$\tau_{z}\dot{z}_{i}$ $=$ $-T_{z}z_{i}+\sqrt{\theta_{i}}S_{1}+\eta_{i}^{z}(t)$ (13)
$t’),\text{ }T_{S},T_{z}\#\mathrm{h}.Szf\simeq f_{arrow}^{\sim^{\theta}}\text{ },i=.1,2,\ldots,N\mathrm{C}\text{ }$
,
$\text{ }n\mathrm{I}\text{ }\Re_{\backslash \backslash }\Re_{\mathrm{B}}^{\mathrm{r}}a)\star \text{ }‘ \text{ }\mathrm{g}g- t\eta_{i}^{S}(t)\eta_{j}^{S}(t’)\rangle=2T_{S}\delta_{1j}\delta(t-t’),$ $\ovalbox{\tt\small REJECT}_{\text{ }\mathrm{H}\mathrm{B}\text{ }\}’|\mathrm{h}\mathrm{f}\mathrm{H}\text{ }|_{-}^{-}}^{\eta_{i}^{z}(t)\eta_{j}^{z}(\oint_{\prime})\rangle=2\tau_{z}T_{z}\delta_{ij}\delta(t-},$.
5. $z$ $\tau_{z}$ $S$ $(=1)$
(\tau z\gg l) . (12) z: ,
(13) (12)
6. z S
$P(S|z, \theta)=Z^{-1}(z, \theta;T_{S})P_{0^{+_{S}}}(S)\exp[\frac{\Sigma_{1=1}^{N}(-\theta\lrcorner S_{1}^{2}+F2i^{Z}|S_{1})}{T_{S}}]$ (14)
.
$Z(z, \theta_{j}T_{S})=\sum_{S}P_{0}^{\Gamma_{S}^{1}}(S)\exp[.\cdot\cdot\frac{\Sigma_{=1}^{N}(-_{2}^{\theta}\lrcorner S^{2}+\sqrt{\theta_{i}}z_{i}S_{1})}{T_{S}}.]$ (15)
z S . (13) S
(14)
$\tau_{z}\dot{z}_{j}=\frac{\partial}{\partial z_{\iota}},$ $(-T_{z} \frac{z_{\dot{\iota}}^{2}}{2}+T_{S}\ln Z(z, \theta;T_{S}))+\eta_{1}^{z}$. $(t)$ (16)
. z
$P(z|\theta)$ $=$ $\frac{e^{-\#\#}z^{2}Z^{\mathrm{r}_{l}}(z,\theta;T_{S})}{\int dze^{-\frac{1Z\mathrm{I}^{2}}{2}}Z^{\mathrm{r}_{2}}\#(z,\theta;T_{S})}$




, $=1$ $n=$ / $n=1,2,$ $\ldots$ ,
(18) (11) .
$\exp[\theta_{i}\sum_{a>b}S_{i}^{a}S_{t}^{b},]=\int\frac{dz_{i}}{\sqrt{2\pi}}\exp[-\frac{\theta_{1}}{2}\sum_{a=1}^{n}(S_{t}^{a}, )^{2}-\sqrt{\theta_{i}}z_{*}.\sum_{a=1}^{n}S_{1}^{a}.]$ (19)
(11) , $z=(z_{1}, z_{2}, \ldots, z_{N})$ $S$
$P( \{S^{a}\}, z|\theta)=.\cdot\frac{\exp[\Sigma_{j=1}^{N}(-\frac{1}{2}z^{\mathit{2}}-|\lrcorner 2^{\Sigma_{a=1}^{n}(S_{1}^{a})^{2}+\sqrt{\theta_{1}}z_{i}\Sigma_{a=1}^{n}S_{1}^{a})]\Pi_{a=1}^{n}P_{0}(S^{a})}\theta}{(\sqrt{2\pi})^{N}Z(\theta)}.$
.
(20)


















– n\in R ,
, .
– $\theta=0$ (11) 1
$\frac{\partial}{\partial\theta_{1}}\mathrm{h}Z_{n}(\theta)|_{\theta=0}=\frac{n(r\iota-1)}{2}\langle s_{:}\rangle^{2}$ (21)
$\frac{\partial^{2}}{\partial\theta_{i}\partial\theta_{j}}\ln Z_{n}(\theta)|_{\theta \mathrm{r}}-\simeq\frac{n(n-1)}{2}(\langle S_{i}S_{j}\rangle-\langle S_{i}\rangle\langle S_{j}\rangle)^{2}+O((n-1)^{2})$ (22)
n=1,2, .. . . (21) P0(S)
$\frac{n(n-1)}{\mathit{2}}\langle S_{i})^{\mathit{2}}$ $\theta$
141
– $n\in \mathrm{R}$ $-\ln Z_{n}(\theta)$
. , $|\theta|\ll 1$
$\frac{\partial}{\partial\theta_{1}}$ In $Z_{n}( \theta)=\frac{n(r\iota-1)}{2}(\langle S_{v’}\rangle^{\mathit{2}}+\sum_{j=1}^{N}\frac{\partial^{2}}{\partial\theta_{1}\partial\theta_{j}}\ln Z_{n}(\theta)|_{\theta \mathrm{a}}-\theta_{j})+O(|\theta|^{2})$ (23)






$1- \frac{\beta^{2_{\sqrt{}^{2}}}}{N}.\cdot\sum_{=1}^{N}(1-\langle S_{1}\rangle^{2})^{2}arrow 0$ (24)
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